The elderly population in the United States continues to grow and is expected to double by 2050. With aging there are degenerative changes in many organs and the kidney is no exception. After age forty there is an increase in cortical glomerulosclerosis and a decline in both glomerular filtration rate and renal plasma flow. These changes may be associated with an inability to excrete a concentrated or a dilute urine, ammonium, sodium, or potassium. Hypernatremia and hyponatremia are the most common electrolyte abnormalities found in the elderly and both are associated with a high mortality. Under normal conditions the elderly are able to maintain water and electrolyte balance but this may be jeopardized by an illness, a decline in cognitive ability, and with certain medications. Therefore, it is important to be aware of the potential electrolyte abnormalities in the elderly that can arise under these various conditions in order to prevent adverse outcomes.
Introduction
The elderly population has been growing rapidly over the past few decades, with an expected doubling in the United States from 38 to 81 million by 2050 (1, 2) . This rise is a result of advancements in medical care and the aging of the "baby boomers", those born between 1945-1964. This growth parallels the increase in the prevalence of chronic kidney disease (CKD), which is associated with a rise in diabetes mellitus, and hypertension (2, 3) . There are more than 20 million persons with CKD stages I through V, of which 8 million have CKD stages III, IV, and V (3) . CKD stages III, IV, and V are associated with various metabolic and electrolyte abnormalities that result from the decline in kidney function. While these changes are expected to occur with advancing kidney disease, unexpected electrolyte abnormalities may occur in the elderly without obvious kidney disease as a result of structural and functional changes associated with aging, called the "senescent kidney".
The kidney is one of the major organs in which specific structural and functional phenotypic changes occur with aging (4) . Glomerular filtration rate (GFR) and renal plasma flow (RPF) decline in elderly persons compared to young adults (5) (6) (7) (8) . In cross-sectional studies, creatinine clearance falls by 0.87 cc/min/year beginning at 40 years of age (9) . Interestingly, this does not hold true for all. In the Baltimore Longitudinal Study of Aging, one third of the subjects experience no decline in their renal function with age (9) .
The histological changes associated with senescence have been gathered from medical examiner reports, renal transplant donors, nephrectomies, and animal studies (6, 7, 10, and 11) . Structurally, the weight of the kidney declines from 400 grams at 40 years of age to 300 grams by the ninth decade, and decreases in size from 10-30% by 80 years of age (6, 7, 12) . This decrease in size and weight is due to glomerulosclerosis in the superficial cortex of the kidney. This cortical glomerulosclerosis is less than 5% by age 40 years but increases to 10-30% by 80 years of age; the medulla is spared (7, 12) . Other histological findings include interstitial fibrosis with monocyte infiltration, tubular atrophy, and hyalinosis of the arterioles (7, 12) .
These structural changes have an impact on the functional changes noted in the aging kidney. GFR, RPF (5, 13) , diluting and concentrating capacity (14) (15) (16) (17) , secretion of potassium (18) , and ability to excrete an acid load decline in the elderly as compared to young adults (19) (20) . Under normal conditions the elderly are able to maintain electrolyte balance (13) . However, under stressful conditions, this ability to maintain homeostasis may be lost, making them more susceptible to hyponatremia, hypernatremia, volume depletion, volume overload, hyperkalemia, and metabolic acidosis. This article will focus mainly on plasma sodium for a few reasons: 1) it is the most common electrolyte disturbance found in the elderly; 2) it is associated with high morbidity and mortality; and 3) there is a greater understanding of water disorders than other electrolyte abnormalities.
Water Balance

In Elderly Population
The most common electrolyte abnormalities in elderly patients are the dysnatremias, and age has been found to be an independent risk factor for developing both hyponatremia and hypernatremia (21) . With aging, muscle mass is replaced by fat, total body water is decreased, and intracellular volume is changed; all of these factors play a role in the increased prevalence of hypernatremia and hyponatremia (22) (23) (24) . Eleven percent of the geriatric ambulatory community was found to be hyponatremic (24) (25) while the prevalence of hyponatremia among hospitalized geriatric patients was 5.3% (25) . Hypernatremia was found in 1% of patients greater than 60 years old admitted to the hospital (26) . The prevalence of hyponatremia in many studies varies depending on the population (nursing home, community dwelling, or hospital) and depends on the definition of hyponatremia and ranges from 2.5% to as high as 50% (21, 25, (27) (28) .
At the time of admission, the hypernatremic patients were more likely to be >80 years old, female, and from a nursing home (26) . An underlying infection was commonly identified as a cause (29) . Dementia appears to be a common denominator for hypernatremia in hospitalized patients (33) . The causes of hypernatremia may differ depending on the time of hospitalization. Urinary concentrating ability at the time of admission has been shown to be intact and suggests that increases in insensible losses and hypodypsia are early causes of hypernatremia. Very commonly, an elderly woman may be admitted from the nursing home with a past medical history of a stroke that is now complicated by a superimposed urinary tract infection and an elevated serum sodium. The causes for her hypernatremia may be multifactorial, including: 1) an inability to get to a water source; 2) an increase in insensible loss of water from fever; 3) an inability to retain free water as a result of a decline in urinary concentrating capacity; and 4) a decrease in thirst. All of these are potential contributing factors in the development of hypernatremia.
During a hospitalization there is a decrease in the ability to concentrate the urine that often stems from medications that interfere with urinary concentrating ability. This is compounded by the patient's inability to independently get to a water source (26) . In the inpatient and nursing home settings, the causes of hyponatremia stem from iatrogenic causes or from non-osmotic release of ADH in 97% of patients (27) .
The known causes of the dysnatremias are numerous and are related to cognitive state, inability to concentrate or dilute the urine, medications, post-operative complications, and acute illnesses (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) . Elderly persons are prescribed a plethora of medications that are known to be responsible for their hyponatremia and hypernatremia ( Table 1 ). The thiazides and serotonin reuptake inhibitors are commonly prescribed medications in elderly patients and have been shown to cause hyponatremia to a much greater extent in the elderly than in other age groups (33, 37) . A very common scenario is an elderly patient who is prescribed hydrochlorothiazide for hypertension and later develops a low serum sodium. If the discontinuation of the thiazide results in the correction of the hyponatremia, this suggests that the thiazide is the etiology of the patient's hyponatremia. Under these circumstances, the hyponatremia is a result of the maintenance of the medullary osmolality (as opposed to loop diuretics), an increase in ADH secretion in response to a decrease in volume, and a decrease in flow to the distal tubules. The drugs listed in Table 1 and the probable mechanisms by which they cause these water disorders are important to know since both hyponatremia and hypernatremia may be avoidable as well as the corresponding high mortality and morbidity associated with them.
Mortality rates associated with hypernatremia are greater than 40% (26, 29, 30) and are commonly related to the underlying disease processes (26, 29) . They are seven times that of age matched controls and unrelated to the severity of the hypernatremia (26) . In hyponatremic elderly patients, the mortality rate is twice that of those without hyponatremia (42) , and even cases with only mild hyponatremia have been identified as an independent risk factor for death and myocardial infarction (43) .
The inability to maximally concentrate the urine in elderly individuals has been well known for at least 50 years (44) . In 1972, Dontas examined the mechanism responsible for the tubular dysfunction commonly found in the elderly population. The relative decrease in proximal tubular function correlated with the lower GFR seen with aging, but distal tubular function declined more rapidly than GFR (44) . This is important because the final concentration of the urine is determined in the distal tubule. In the hydropenic state, the elderly could not concentrate the urine to the same degree as a younger cohort, 1089 ± 17 versus 808 ± 46 mOsm/kg H 2 O (p < 0.001), nor could they excrete a maximally dilute urine following a water load, with a free water clearance of 19 ± 1 versus 11 ± 1 ml/min (P <0.001). However, the inability to dilute the urine was less of a factor than the attenuation of urine concentrating ability. The impairment of the urine concentrating ability in the elderly was noted to result from a defect in the concentrating gradient in the medullary region with loss of the osmotic gradient between the urine and serum (44) .
Both a decrease in urinary concentrating ability and thirst contribute to the dehydration commonly found among the elderly. Originally the inability to concentrate the urine was thought to be related to a decrease in production or secretion of ADH but both human and animal studies showed that ADH secretion and responses to changes in serum osmolality by either tonic load or water deprivation were appropriate. If anything, ADH secretion was supersensitive in responding to changes in tonicity (15, (44) (45) (46) (47) (48) (49) . Although serum levels of ADH are not significantly different from younger adults, loss of the nocturnal variation in ADH levels contributes to the high prevalence of nocturia among the elderly (24, 45) .
When the responses of healthy elderly individuals to an infusion of 5% hypertonic saline were compared to young adults, no differences in blood pressure or serum osmolality were noted at baseline among the two groups (45) . The ADH at baseline was higher in the younger cohort but increased in both groups in response to hypertonic saline; however, serum osmolality and ADH rose to higher levels in the elderly. After cessation of the hypertonic solution, the time for the serum sodium to return to normal values took longer in the elderly group than in the younger population group, 9.5 hours versus 2 hours (p < 0.005), and it took slightly longer for the serum osmolality to return to baseline, 10-12 versus 4.5 hours (p < 0.005) (45) . Although both groups began drinking at the same time, the urge to drink was blunted in the elderly group as they ingested 50% less fluid than the younger group. Of those patients who developed hypernatremia in a hospital setting, 86% were unable to get to a water source, further emphasizing the importance of thirst protecting against hypernatremia (29) .
The decrease in solute intake from sources such as protein in the elderly may contribute to the decreased medullary concentrating ability. Urea, which is generated from the breakdown of protein, contributes heavily to the medullary tonicity (15, 50) . Interestingly, urea is more readily excreted in the elderly than in the younger adults. This may be due to an increase in cortisol secretion which results in less urea being reabsorbed and results in a lower medullary tonicity (15, 51) .
The decrease in GFR that occurs with aging reflects a decline in the number of functioning glomeruli with a corresponding decline in the number of functioning tubules. This results in the inability to dilute the urine and an increased prevalence of hyponatremia (24, 28, (52) (53) . When a water load was given to healthy elderly volunteers, they demonstrate an inability to appropriately dilute urine below 115 mOsm/kg H 2 O, while healthy younger volunteers could dilute their urine below 100 mOsm/kg H 2 O (44). Moreover, elderly persons, who were asked to ingest a water load, showed a decrease in electrolyte free water excretion at 2 hours compared to the younger group: 41 cc ± 2% versus 101 cc ± 4%, respectively (47) . Although the peak water diuresis and peak free water clearance were lower in the older group, there was no difference between the elderly and the younger group when adjustments were made for the reduction in GFR. In this study there was no difference in the ADH level found between the age groups, suggesting that the decrease in water excretion may be related to the decrease in kidney function rather than related to an inappropriate ADH response.
Hypotonic hyponatremia can be grouped by volume status (31, (53) (54) : either hypovolemic, euvolemic, or hypervolemic. One study found that elderly patients diagnosed with the Syndrome of Inappropriate Anti-Diuresis were actually in a low volume state. These individuals responded to mineralcorticoid rather than to fluid restriction. Institution of the latter could have worsened the clinical outcome (54) .
There have been numerous studies performed on aging rodents in which cellular and molecular changes were observed that account for concentrating defects in elderly rodents, and may also help explain similar changes that occur in man. As a segway into this discussion, we will first discuss the normal physiology in the maintenance of water balance. After that we will review the changes in the physiology that result in aging as found in elderly rodents and extrapolate these findings to elderly humans.
Water Balance
Under normal conditions, water balance depends on the successful interaction of three different sites: the hypothalamus, the thirst center, and the kidney. These interact with one another to maintain plasma osmolality (49) . The osmoreceptors sense a small change in the plasma tonicity that results in either ADH release or inhibition (55) (56) (57) . The hypothalamus, which is located in the 3 rd ventricle, is in close proximity to these osmoreceptors and the thirst center (58) (59) , and is responsible for the synthesis of ADH (also called vasopressin, AVP). Vasopressin is a nonapeptide produced by the periventricular and supraoptic nuclei located within the hypothalamus. Vasopressin transverses the infundibulum and is stored with neurophysin II and glycoprotein within the posterior pituitary, ready to be released into the circulation and exert a direct effect on the kidney tubules (55) (56) (57) .
In addition, ADH can be released non-osmotically in response to hypovolemia, pain, nausea, or medications (31, 57) . Hypovolemia, true volume depletion, or a decrease in the effective blood volume stimulate the baroreceptors located in the carotid sinus, aortic arch, atrium, and pulmonary veins, and cause release of ADH by way of the medullary tract to the hypothalamus (57) (58) (59) . A decrease in 10% of the blood volume results in a release of ADH in an exponential manner (57) . Healthy elderly persons are often mildly hypovolemic (57) . With a decrease in total body water (22) , they are at high risk for hypernatremia under certain circumstances. On the other hand, an elderly patient with immobility syndrome (IS), which is characterized by an inability to perform daily tasks because of motor deterioration, experiences physiological changes such as orthostatic hypotension, low cardiac output, muscle rigidity, and have been associated with an increase in total body water and lower serum sodium (60) . Although Musso et al. (60) found a correlation between the serum osmolality and ADH in healthy elderly individuals, they found none in IS patients.
The concentrating capacity in the kidney is a complex system and dependent on many variables including maintenance of renal blood flow, GFR, solute load, presence of vasopressin, functionality of vasopressin receptors, urea transporters, sodium transporters, and water channels (aquaporins) (Fig 1) . In order to concentrate the urine, the medullary countercurrent system must be intact (61) .
Thirteen aquaporins (AQP) have been identified. The majority are located within the kidney: AQP1, AQP2, AQP3, and AQP4 have well establishes roles (61) . AQP1 is a constitutive vasopressin-independent water channel located on the apical and basolateral membranes in the proximal convoluting tubules (PCT), thin descending limb of the loop of Henle (tDL), and endothelium of the descending vasa recta, and is responsible for water transport across these membranes (62) (63) . The PCT is responsible for reabsorption of 60% of the glomerular ultrafiltrate. The tDL is permeable to water only via AQP1 and plays a major role in the countercurrent multiplier as shown in the dehydrated state of AQP1 knockout mice (63) . Under normal conditions, the knockout mice are phenotypically normal but in a water deprived state they cannot maximally concentrate their urine and become dehydrated (63) . Similarly an AQP1 mutation (Colton blood group mutation) has been discovered in humans; they are phenotypically normal in a non-stressful environment but have a defect in concentrating ability when stressed (58) . AQP2, AQP3, and AQP4 are located in the collecting tubules. AQP2 is located in the sub-apical cytoplasm and the apical membrane; it is vasopressin-dependent. AQP3 and AQP4 are located on the basolateral membrane and are both constitutively active (62, (65) (66) (67) (68) . AQP3 has been shown to have increased expression in the presence of ADH and greater density in the cortical region (65) . These aquaporins permit water to enter previously impermeable cells; a concentrated urine results (15, 62, 65) .
ADH binds to the V 2 -vasopressin receptor on the basolateral membrane in the collecting tubule. These receptors are linked to adenylyl cyclase via a G protein, Gs (65, 67) . As a consequence, intracellular cAMP levels rise. In turn, cAMP activates protein kinase A (69). This is followed by phosphorylation of serines 256, 261, 264, and 269 in the COOH terminus, which are important in AQP2 channel trafficking and insertion into the apical membrane by exocytosis (70) .
Urea plays an important role in the countercurrent system and in the formation of a concentrated urine. The renal urea transporters are found on two different genes, SLC14A2 and SLC14A1 (see reviews 71, 72) . The SLC14A2 gene produces various isoforms including UT-A1, UT-A2, and UT-A3 in response to different promoter sites and alternative splicing (72) . The SLC14A1 gene produces UT-B, which is located both in red cells and endothelial cells of the descending vasa recta (15, 72) . Urea is transported by various urea transporters located in the inner and outer medulla. These urea transporters play a specific role in maintaining the high tonicity in the corticopapillary gradient (15) . UT-A1 and UT-A3 are located in the inner medullary collecting ducts, UT-A2 is located throughout the tDL, and UT-B is located in the vasa recta in the outer medulla (15, 72) . UT-A1 and UT-A3 are ADH-dependent transporters resulting in facilitative urea reabsorption into the interstitium with recycling of the urea by the UT-A2 transporters in the descending limb of the loop of Henle in the outer medulla (15, 72) .
The thick and the thin ascending loops of Henle are responsible for solute contribution to the countercurrent system (15, (72) (73) (74) (75) (76) . The thin ascending limb has been found to passively reabsorb NaCl in greater quantities than urea is reabsorbed in the inner medulla (15, 74) , while the NKCC2/BSC1 bumetanide sensitive Na-K-2Cl cotransporter located in the thick ascending limb of Henle actively reabsorbs Na and Cl and is regulated by vasopressin (74) (75) (76) .
Thirst is important in maintaining plasma osmolality (15, 32, 45, 52) . The various known water disorders can be corrected with an intact thirst center, which is located adjacent to the osmoreceptors in hypothalamus. In the elderly, a decrease in thirst has been shown to contribute to a hyperosmotic state that is further exacerbated by the decrease concentrating capacity that occurs with aging (41, 45) .
Water Balance in Aging Animal Studies
A decrease in the abundances of aquaporin and urea transporter proteins has been observed with aging in the kidney of animals. This may account for an inability to concentrate and dilute the urine. In animal (77) (78) (79) (80) and human studies (45, 47, 49) , the ADH levels have been shown not to differ greatly from younger cohorts suggesting that the defect is related downstream, beyond the hypothalamus.
Concentrating Capacity in Rodents-There are many different sites in the nephron which are responsible for the diminished concentrating capacity that occurs with aging ( Fig  2) . These include the collecting tubules, the descending limb of the loop of Henle, the medullary thick ascending limb, and the descending vasa recta. Both older rats and elderly patients show an increase in polyuria, a decrease in urine osmolality, and an inability to concentrate the urine when compared with younger age groups (45, 80, (82) (83) . The collecting tubule, which contains the V 2 -vasopressin receptor on the basolateral membrane, is responsible for the final concentration of the urine. Although 30 month old rats showed a 30% decrease in the number of binding sites for vasopressin in the basolateral membrane, intracellular cAMP levels were adequate, suggesting that a downstream defect accounted for the decrease in concentrating capacity (81) . In addition, there was decreased expression of AQP2 (80%) and AQP3 (50%) within the inner medulla, but there was no change in either AQP1 or AQP4 expression (81) . Similar findings were noted in the F344BN rat. There was a 30% decrease in the expression of AQP2 in the inner medulla of 24 month old rats compared to 3 month old rats (82) . Immunohistochemical studies revealed a lack of AQP2 in the sub-apical and apical regions (51, (81) (82) . Under conditions of water deprivation (76) or chronic infusion of dDAVP (81), a V 2 selective agonist, AQP2 and AQP3 expression were increased and AQP2 relocated to the apical and sub-apical membrane, as expected (51, 82) . However, urine osmolality did not increase as much, and urine volume did not decrease as much, in the older rats as compared to younger rats (51, 82) . Besides the decrease in AQP2 expression, there was impairment of the phosphorylation of AQP2. This may interfere with the trafficking and exocytosis of AQP2 into the apical membrane of principal cells in the collecting tubules (83) .
The decreased expression of AQP2 may be from a posttranscriptional defect since there were no differences in the levels of transcription of AQP2 mRNA by age in either the control or water deprivation groups (83) . In all of these studies, there was a decrease response at the tubule level, whether from a decrease in abundance of V 2 -receptor mRNA, abundances of AQP2 or AQP3 proteins, or a decrease in ADH binding sites that account for the decrease in urinary concentrating ability in the elderly.
The urea transporters are responsible for maintaining the countercurrent mechanism and play a major role in maximally concentrating the urine. There are 4 known urea transporters within the kidney: UT-A1, UT-A2, UT-A3, and UT-B (15, 72) . All have a role in the development of the tonicity in the corticopapillary gradient (72, 83) . Some of these urea transporters have been found to be influenced by age. With the chronic infusion of dDAVP, 30 month old rats increased their urine osmolality from 1115 ± 105 to 1868 ± 71 mOsm/kg H 2 O. The change in osmolality approached levels seen in 10 month old rats. This corresponded to a 3-fold increase in urea content in the papilla (45) . The change in urine osmolality corresponded to the decrease in urinary flow rate in the older rats (51) . In 30 month old rats, UT-A1 protein in the inner medulla was down-regulated while there was no change in UT-A2 (51) . With a chronic infusion of dDAVP there was significant upregulation of UT-A1 and UT-A2 while the abundance of UT-B was decreased. UT-A1 expression was noted to be increased in the base but not in the tip of the inner medulla (51) . This may be a compensatory mechanism for the decreased amount of urea in the tip region (51) .
The kidney employs a countercurrent multiplier in order to form a concentrated urine. This is dependent on the sodium chloride transporter in the water impermeable section of the kidney located in the thick ascending limb of the loop of Henle (75) (76) . The thin ascending limb transports NaCl by simple diffusion across the cell membrane (76) . In the thick ascending limb, NaCl is actively transported by the NKCC2/BSC1 co-transporter. Ultimately, this results in an increase in the tonicity in the medulla in the presence of ADH (75, (84) (85) . Thirty month old F344BN rats showed a significant decrease in the abundance of the NKCC2/BSC1 cotransporter in the outer medulla and a decrease in the cortical abundance of the β and γ subunits of the epithelial sodium channel (ENaC) (85) . Following five days of water restriction, a significant increase in the number of NKCC2/BSC1 co-transporters was found in all age groups but less of a change was found in the older rats. A decrease in the relative abundance of the NKCC2/BSC1 co-transporter in the elderly rats would contribute to both a decrease in the ability to concentrate or dilute the urine.
These findings in the rodent kidney may be similar to the changes found in the elderly human kidney and may account for an inability to concentrate the urine. In rodents there are numerous portions of the nephron which are affected. Each alteration may play a role in the concentrating or diluting ability of the aging kidney. The decrease in abundance of UT-A1, UT-A2, and NKCC2/BSC1 transporters may all play an intricate role in the decreased ability to maintain the countercurrent multiplier system, while the decrease in abundance of AQP2 and APQ3, and V2R receptor binding, may account for the increase in water excretion. These molecular changes may be responsible for the increase in the occurrence of hypernatremia commonly observed in the elderly population..
Diluting capacity-The loss of diluting capacity occurs later and to a lesser degree than the loss of concentrating capacity in the elderly population (45) . The increase in delivery of the solute load to the remaining functioning glomeruli may account for the decrease in the diluting capacity. In aging rodents the NKCC2/BSC1 co-transporter, which plays dual roles in the kidney's capacity to concentrate and dilute the urine, is down-regulated (84) (85) . The decrease in the reabsorption of NaCl increases solute delivery to the collecting tubule and decreases solute free water excretion.
One can conjecture that the changes in seen in rodents are likely to occur in an aging kidney without any underlying disease process. The inability to concentrate the urine can be attributed to a down-regulation of AQP2, UT-A1, and UT-A2, and a decrease of solute in the papilla. The reduction in diluting capacity has been shown both in humans and animals studies to not be as severe as concentrating ability, but still can contribute to hyponatremia under the appropriate clinical setting. Under normal conditions, healthy elderly individuals should not have considerable changes in serum sodium and the presence such changes suggests an additional cause for this clinical finding.
Salt Retention and Loss in the Elderly
Depending upon clinical conditions, elderly individuals experience either a decrease in the ability to excrete or reabsorb sodium (45, 48, (88) (89) (90) . Because hormone levels are altered, sodium excretion is altered as well. In the elderly there is a decrease in serum renin, renin activity, and aldosterone. Under conditions of hypovolemia, the response of these hormones is blunted (88) (89) (90) (91) . The epithelial sodium channel (ENaC) in the principal cells of the collecting tubules is the major site of action for aldosterone (92) . A decrease in serum aldosterone may account for an increase in excretion of sodium in the urine and an inability to decrease urinary sodium excretion in a hypovolemic state.
Atrial naturetic peptide (ANP) is produced by the atrium in response to changes in volume status (94) and blood pressure (93) . Although there is an increase in the level of serum ANP in response to a volume load, the response is blunted in older rats (94) . The rise in the ANP has been found not to be related to changes in levels of its mRNA (94) but may be related to a decrease in its metabolism. Similar findings are thought to occur in the elderly.
In a hypovolemic state, an inappropriate excretion of sodium is observed in the elderly that makes them more prone to hypotension (45, 81) and possibly acute kidney injury (95) . When 89 healthy elderly subjects were placed on a low sodium diet with normal potassium intake, they took twice as much time to conserve urinary sodium and come into neutral sodium balance as the younger adults used as controls: 17.6 ± 0.7 compared to 30.9 ± 2.8 hours (87) . Because of the older kidney's inability to conserve urinary sodium, it is important to closely follow elderly patients whenever they are placed on a low salt diet in order to avoid hypotension. The role of renin, aldosterone, and ANP in the elderly in the decreased ability to conserve sodium is unknown. The elderly also require a longer time period to excrete a salt load when compared to young adults (45, 86) . They also have a higher likelihood of becoming volume overloaded when challenged with a sodium load. Thus, judicious use of intravenous fluids is indicated in this patient population.
Other electrolyte abnormalities in the elderly
There has not been much focus in the literature on potassium, acid base disorders, phosphorous, or magnesium. The majority of the time the plasma electrolytes are normal in the healthy elderly population unless there is undue stress. We will discuss changes in excretion of potassium and acid since they are found more commonly in the literature and the incident can be devastating and may be preventable.
Potassium-The maintenance of the serum potassium level within the normal range is influenced by various hormones, GFR, and intracellular translocation of potassium. The elderly are prescribed many medications that interfere with urinary excretion of potassium. These include potassium-sparing diuretics, angiotensin converting enzyme inhibitors, renin inhibitors, angiotensin receptor blockers, heparin, and nonsteriodal anti-inflammatory drugs. There are few studies evaluating the effect of aging on potassium excretion (18, 96) . Recognizing that hyperkalemia is a common occurrence in the elderly, exercising caution in the prescription of medications commonly associated with this entity may prevent its occurrence. Healthy elderly persons have a decrease in the transtubular potassium gradient compared to young adults; i.e., the elderly cannot excrete a potassium load as well as younger adults (18) . Interestingly, elderly patients with chronic kidney disease can excrete a greater percentage of a potassium load as compared to a healthy elderly group (90) . The reason for this decline in renal excretion in the elderly may be related to changes in hormone abundance. It has been shown in both human and animal studies that there is a decrease in serum renin and aldosterone levels (90) (91) (92) . This may result in a decrease in potassium secretion by the collecting tubules in the kidney and may account for the decrease in excretion of potassium in the elderly. It may also account for the higher propensity for the elderly to become hyperkalemic with commonly prescribed medications that either directly block ENaC or further attenuate renin or aldosterone levels.
Acid Base-There are a handful of studies on acid base disorders in the elderly (19) (20) (97) (98) . Most of the elderly can maintain acid base balance under normal conditions. However, under conditions of excessive production of acid secondary to sepsis, acute kidney injury, or the administration of medications that interfere with acid secretion, an inability to maintain neutrality may be uncovered. In the elderly, there appears to be a higher concentration of hydrogen ion in metabolic acidosis which inversely correlates with serum bicarbonate and PCO 2 (19) . Beckemyer et al. (20) showed that there is no change in net acid excretion capacity in young adults and children, but healthy elderly individuals could not increase net acid excretion (NH 4 + TA − HCO 3 ) in response to an increase in dietary protein, a major source of acid in the diet.
Conclusion
The kidney undergoes degenerative changes with aging, as do other organs. The histologic and functional changes in the kidney with aging may play a role in the electrolyte abnormalities observed in the elderly. The severity of these abnormalities is dependent on many factors including underlying infirmities, cognitive ability, medications, and kidney function. The awareness of these electrolyte abnormalities in the elderly population and understanding the underlying mechanisms may prevent prescribing unnecessary medications or intravenous fluids, and decreasing the morbidity and mortality associated with these interventions. Under normal conditions the various transporters/co-transporters and water channels play a role in water balance. The UT-A1 urea transporter, AQP2, AQP3, and NKCC2/BSC1 transporters are influenced by ADH secretion. The selective permeability of the loop of Henle to water and the medullary thick ascending loop to NaCl allows for the creation of the countercurrent system. The presence of AQP2 and the high concentration of NaCl and urea in the inner medulla allows for the reabsorption of water free solute in the collecting tubules for the final concentrated urine. The selective permeability of the NKCC2/BSC1 co-transporter in the medullary thick ascending limb permits the formation of dilute urine. The putative changes in the renal transport system in the elderly are shown. In animal studies there is a decrease in the abundance of AQP2, AQP3, NKCC2/BSC1 and UT-A1, A2, A3. The arrrows represent the transporters and water channels known to be downregulated in animal studies. These changes may be present in the elderly population affecting the diluting and concentrating capacity.
